Summary. Eight experiments were performed to validate an extraction technique for canine acrosin and to quantitate the acrosin activity of fresh and frozen\p=n-\thawed spermatozoa. Acrosin activity from fresh spermatozoa differed amongst dogs and was influenced by the interval since previous ejaculation. Freezing and thawing spermatozoa induced a loss of acrosin activity that differed with the extender in which the spermatozoa were frozen. The assay of acrosin activity, in conjunction with motility estimates, provides a more complete evaluation of the efficacy of seminal extenders in attenuating freezing injury than do motility estimates alone.
Introduction
Due to the infrequency of oestrus and man's inability to induce ovulation consistently in the bitch, fertility trials with frozen-thawed canine spermatozoa are extremely expensive and timeconsuming. Even We studied acrosin (EC 3.4.21.10) because it is believed that it enables spermatozoa to penetrate the zona pellucida (Mann & Lutwak-Mann, 1981b) , exists within the acrosome as a zymogen, proacrosin, that is sensitive to cellular damage (Mann & Lutwak-Mann, 1981a) , and is well-defined biochemically (Parrish & Polakoski, 1979) . Furthermore, Goodpasture, Zavos, Cohen & Zaneveld (1981b) found that the acrosin content of human spermatozoa was reduced by cryopreservation. Since no correlation was found between post-thaw acrosin activity and motility, Goodpasture et al (1981b) proposed that acrosin assays could serve as an adjunct to estimates of sperm motility. Additionally, Pace, Sullivan, Eliott, Graham & Coulter (1981) , using frozenthawed bull spermatozoa, found a positive, albeit modest, correlation between fertility and the acrosin activity of spermatozoa inseminated.
Canine acrosin could not be extracted consistently by published methodologies (see Goodpasture, Polakoski, & Zaneveld, 1980 (Seager & Fletcher, 1972 Therefore, a 100-pl sample of extract was mixed with 0-5 ml 0-25 Mtriethanolamine (Tl 377, Sigma) at pH 8-0 in a polystyrene cuvette and incubated for 20 min at 25°C (Text- fig. 1 ) to allow autoactivation of proacrosin. Since acrosin activity was enhanced by the presence of 6 mM-Ca2 +, 0-5 ml of 20 mM-Ca2 + in 0-25 M-triethanolamine and 0-5 ml 2-5 mM-benzoyl arginine p-nitroanilide ( ; B4875, Sigma) were added after autoactivation. After mixing, the linear change in absorbance at 405 nm and 37°C was recorded for 1 min. A molar extinction coefficient of 9950 M_1 cm-1 (Burck & Zimmerman, 1980) amount of enzyme necessary to hydrolyse 1 pmol /min at 37°C. The percentage of proacrosin was calculated from baseline and maximal acrosin activities, i.e. before and after the 20-min incubation (Goodpasture et al, 1980) .
Experimental Methods and Results

Experiment 1
The effects of centrifugation and exposure of spermatozoa to egg yolk on the extraction of acrosin were evaluated. A randomized complete block design was used ; ejaculates from 6 dogs were used as blocks. Each ejaculate was divided so that 200 IO6 spermatozoa were (a) extracted immediately; (b) centrifuged for 10 min at 700g, resuspended in seminal plasma and extracted; or (c) centrifuged but resuspended in egg yolk-Tris before extraction. Data on percentage of proacrosin (after arcsine transformation) and acrosin activity (i.u./109 spermatozoa) were analysed by analysis of variance.
Mean percentage of proacrosin and acrosin activity were not altered by centrifugation of spermatozoa for 10 min at 700 g followed by suspension in seminal plasma or egg-yolk-Tris (Table  1) . While acrosin activity ranged from 96 to 156 i.u./109 spermatozoa and differed (P < 0-05) amongst dogs, percentages of proacrosin were similar. (Table 2) . Freezing and thawing, however, reduced (P < 0-05) total activity. 
Experiment 8
The abilities of two extenders to minimize freezing damage were compared. Semen pooled from 10 dogs was split into two aliquots and centrifuged. Spermatozoa were resuspended at 500 106/ml in egg yolk-Tris or caprogen extender (New Zealand Dairy Board, 1972) . The concentrations of glycerol and egg yolk were 3% (v/v) and 20% (v/v), respectively, in each extender. Packaging, freezing, and thawing were performed as above. Ten replicates were extracted per extender. Data were analysed as in Exp. 7.
Post-thaw motility of spermatozoa frozen in caprogen extender (Table 3) was 62% of that of spermatozoa frozen in egg yolk-Tris, but acrosin activity was only 40% of that of spermatozoa frozen in egg yolk-Tris. Proacrosin was undetectable in extracts of spermatozoa frozen in caprogen extender whereas 69% of the enzyme extracted from spermatozoa frozen in egg yolk-Tris was proacrosin. (Text-fig. 4 ). The decline in total spermatozoa per ejaculate resulted from a depletion of extragonadal sperm reserves (Olar, Amann & Pickett, 1984) and presumably was accompanied by a reduction of transit time through the cauda epididymidis from 4-5 days to about 2-2 days (Davies, 1982) . We postulate that sperm senescence, undetectable by motility estimates but indicated by loss of acrosin, begins while spermatozoa are within the cauda epididymidis and ductus deferens. This hypothesis is tenable because (a) the cauda epididymidis and ductus deferens are sperm storage sites in the dog (Davies, 1982 ; Olar et al, 1984) , (b) acrosin activity was influenced by the interval since previous ejaculation, and (c) acrosin is an auto-proteolytic enzyme (Müller-Esterl & Fritz, 1981 (Goodpasture et al, 1980) and guinea-pig (Goodpasture, Reddy & Zaneveld, 1981a) spermatozoa. The time required for complete autoactivation of canine proacrosin (Text- fig. 1 ) was approximately twice that required for human proacrosin at pH 8-0 and 25°C. As shown for human proacrosin (Goodpasture et al, 1980) , the autoactivation of canine proacrosin was inhibited by Ca2
Cooling spermatozoa to 5°C reduced the percentage of proacrosin but not total acrosin activity (Table 2) . Presumably, cooling induced the autoactivation of some proacrosin, but the acrosin that was formed remained within the acrosome. Freezing and thawing did not further reduce the percentage of proacrosin below the level induced by cooling, but total acrosin activity was reduced. Since extractable acrosin activity was proportional to the percentage of spermatozoa with an intact acrosome before extraction (Text- fig. 3 ), we assume that the acrosomes of some spermatozoa were lysed by freezing and thawing. These observations support the concept (Morris & Clarke, 1981) that cooling and freezing injuries are distinct and should not be confounded in cryopreservation studies.
The divergence in percentage of progressively motile spermatozoa, percentage of proacrosin and acrosin activity between spermatozoa frozen in egg yolk-Tris and caprogen extender ( Table 3) is evidence that few spermatozoa frozen in caprogen extender were functional after thawing. Guinea-pig spermatozoa lose approximately 50% of their total acrosin activity at the time of the acrosome reaction, but the residual enzyme is about 90% proacrosin (Goodpasture et al, 1981a (Mahi & Yanagimachi, 1978) 
